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Abstract 
A thermal accelerometer was developed and evaluated. The presented device was fabricated directly on an organic 
substrate, which ensures a high level of thermal isolation, while also facilitating direct electrical communication to 
the macroworld. The role of the seismic mass was utilized by a fluid (water), which was confined in a tank adjusted 
on the sensor surface. Acceleration quantification is achieved by the monitoring of the cooling effect on the heating 
element. A sensor signal of 32mV for an acceleration of 1g was obtained. 
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1. Introduction 
Accelerometers constitute one of the most widespread types of MEMS sensors, with applications 
ranging from the automotive industry and robotics up to space exploration [1]. The most common 
operating principle relies on the quantification of the displacement of a seismic mass due to inertial forces 
by means of capacitive, piezoresistive, or piezoelectric sensing mechanisms [2]. Quite often when in use, 
sensors designed for the measurement of relatively low acceleration values are subjected to sudden, high-
g accelerations for a small time period, which are far outside their measurement range. Since the sensor is 
based on the presence of the proof mass with fixed values for the spring constants, the structure’s 
integrity can be easily compromised due to the large mechanical forces that appear, ultimately leading to 
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the device destruction. In order to address this problem, micromachined thermal accelerometers, have 
evolved as an attractive alternative in the recent years. Thermal accelerometers base their operation 
principle on the convective heat transfer mechanism; therefore employ no solid proof mass [3-4]. Their 
major drawback is that they exhibit significantly increased response times, a typical feature for most 
thermal systems; however they also exhibit high shock resistance meaning that they can survive tens of 
thousands of g’s without failing. In this work we present a thermal accelerometer integrated on an organic 
substrate, with water as operating fluid.  
2. Sensor fabrication 
The device fabrication is based on a technology (Fig. 1) which allows the formation of thermal sensors 
on PCB substrates [5]. The first fabrication stage concerns the formatting of the PCB substrate by means 
of chemical Cu etching (step a). Subsequently (step b), the surface planarization of the PCB is achieved 
by implementing a specifically designed SU8 layer, with a thickness of 15ȝm. The specific layer 
smoothes out the existing height discrepancies on the PCB surface and enables the implementation of 
standard micromachining process steps on the PCB surface.  
Next to it, the Pt resistors are structured. Initially, a sacrificial layer consisting of the negative 
photoresist mA-N is utilized, on which the resistors’ geometry is defined by lithography. Subsequently, a 
bilayer of 30nm/300nm Ti/Pt is deposited followed by the 
lift-off stage (step c). 
The final micromachining step concerns the formation 
of an additional SU-8 layer on the surface of the resistors, 
with a thickness of 3ȝm (not shown in the picture). The 
purpose of this layer is to provide electrical isolation 
between the resistors and water which is the sensor 
operating fluid.  
Subsequent to the micromachining process, a tank 
filled with DI water is adjusted on the sensor surface. The 
tank dimensions concerning the experiments described in 
the following sections were 3cm long, 1.5cm wide, while 
the depth was 850ȝm. The tank cover was a Plexiglas 
plate, while the tank walls were fabricated using 
successive layers of waterproof adhesive tape. The 
definition of the tank dimensions was made in conjunction 
to the spatial distribution of the temperature field 
generated by the heating element.  
The final structure consists of three parallel Pt resistors 
which are in direct electrical contact with the copper 
tracks of the PCB, while the water-containing tank is 
adjusted on the sensor surface (Fig. 2).   
 Overall, the building blocks of the sensor are made of 
polymer materials, all of them exhibiting very low thermal 
conductivity (0.2 W/m·K as compared to 149 W/m·K of 
Si and 1.4 W/m·K of SiO2). This ensures the effective 
thermal isolation of the heating and sensing elements, 
which is the dominant requisite regarding thermal sensing 
systems. Furthermore, the direct sensor integration in the 
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Fig. 1  The sensor fabrication sequence: 
a)  Formatting of the PCB substrate 
b) Definition of the SU-8 planarization layer 
c)Structuring of the Pt resistors 
d)Adjustment of the liquid-containing tank 
 
Number Legend 
1:FR4                2:Cu  tracks    3:SU-8   
4:Pt resistors     5: Tank 
645Anastasios Petropoulos et al. / Procedia Engineering 25 (2011) 643 – 646
PCB eliminates the presence of a silicon die or wire bonding, which renders the upper sensor surface 
relatively planar and achieves the direct electrical communication of the device to the macroworld. 
3.  Principle of operation  
The sensor operation lies on the thermal principle. As electrical current passes through the Pt resistor, 
thermal energy is generated. Due to conduction, the thermal energy is dissipated in the fluid, with a 
spatial distribution dependent upon the heater shape and operating power, the thermal properties of the 
liquid, substrate and tank walls, as well as on the geometry of the tank. Due to buoyancy forces 
(convection), the warmer liquid expands and moves upwards in the vertical direction. The application of 
an external acceleration (force) results to a different effect on the water regions due to the non-
homogeneous density it exhibits. Due to this, the temperature distribution in the liquid is shifted, which is 
monitored by measuring the resistance changes on the heating and sensing elements.         
4.  Experimental results 
4.1 Setup 
For the quantification of the sensor operation, the device was mounted on a turntable. The tilting of the 
accelerometer in the range of 0 to 180o degrees angle ĳ corresponds to the application of acceleration due 
to gravity from 0 to 1g. The heater power supply was provided by a Keithley 2612 Sourcemeter, while the 
voltage was measured by a Keithley 2000 Multimeter. Throughout the experiments the heater operated in 
the constant current mode. A specially designed Labview ® interface was developed for the monitoring 
and recording of the results.  
4.2 Hot-wire operation 
In the hot-wire operation, the heater voltage was measured as a function of the rotating angle (or the 
corresponding acceleration due to gravity). The derived results for an operating current I2=60mA   are 
shown in Fig. 3, whereby a sin(ĳ) function fit has also been applied to the acquired sensor signal (in 
mV’s). In Fig. 4, the sensor signal as a function of the acceleration value is depicted. As apparent there is 
a large deviation from linearity, which is also the reason for the fitting curve of Fig. 3 not being able to 
accurately simulate the entire set of the experimental data. However, the maximum signal change of 
32mV at 1g, is a very large value for thermal accelerometer.  This value can be significantly increased by 
increasing the operating current. For instance,  for  an  operating  current  I2=70mA  the  sensor  signal for  
Fig 2. (a) A photograph of the sensor surface with the Pt resistors electrically connecting the Cu  tracks. The resistors are 
equidistant (300ȝm each). (b) The finalized sensor structure, with the completely filled water tank. The electrical wires 
connected to the Cu pads can also be seen at the right end of the picture 
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acceleration of 1g becomes 59mV; however the highly increased temperature field gives rise to natural 
convection effects that severely decrease the recorded sensor repeatability. 
4.3 Calorimetric operation 
The sensor operation was also tested under the calorimetric principle, i.e. monitoring of the sensing 
elements voltage. A certain characteristic of the calorimetric principle is that for all values of rotating 
angle (acceleration), the signal changes were larger than that of the corresponding signal change of the 
hot-wire case. However, the data showed very poor repeatability, while also hysteresis characteristics 
were observed. Due to this, no data from the calorimetric principle are provided in this paper. 
5.  Conclusion 
Overall, a convective thermal accelerometer was fabricated and evaluated. The accelerometer is 
integrated in organic material, featuring direct electrical communication to the macroworld. The sensor 
operating fluid is water, contained in a tank of dimensions in the mm scale adjusted on the sensor surface. 
The entire structure is based in polymer materials as its building blocks, which ensures the effective 
thermal isolation of the heating element. The sensor was evaluated in the 0 – 1g range, with a maximum 
sensor signal of 32mV, which is considered a very high value for thermal accelerometers. 
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Fig  3 (left)  The sensor signal  as a function of the rotating angle with an applied sin(ĳ) fit 
Fig. 4 (right) The sensor signal as a function of corresponding acceleration 
